Background: This paper examines if there is a 'rigour-relevance gap' in collaborative heritage science research and what enables and impedes effective collaboration between academic researchers and users of research evidence in practice. A quantitative attitudes questionnaire was distributed amongst the heritage science community: 210 responses were received. Respondents answered in relation to one project they had worked on in the UK in the previous five years. They were asked about their personal goals in relation to the project and whether these were achieved, satisfaction levels in relation to project outcomes and impact, level of agreement with a series of attitude statements to ascertain what helped and hindered projects, personal characteristics and project characteristics. The questionnaire was analysed using a factor analytic, segmentation and profiling approach.
Introduction
The boundaries of what constitutes collaborative research and who counts as a collaborator are not well defined, but at a basic level there must be direct co-operation between two people [1] . Current United Kingdom (UK) policy encourages innovation and good use of resources by helping researchers, developers, and innovators bring together specific knowledge, skills, technical resources and financial capital [2] . Similarly, at an international level, EU Horizon 2020 promotes links between education, business, research and innovation [3] . In HEI research there is a growing emphasis on creating 'impact' upon economy, society, public policy, culture and quality of life [4] . In the heritage science research domain, the need for collaboration and impact has been stressed by the 8th European Commission Conference on Sustaining Europe's Cultural Heritage, 'Cultural Heritage Research meets Practice' , in its Ljubljana Declaration [5] .
Collaboration between researchers and practitioners is integral to heritage science, which encompasses all technological and scientific work that can benefit the heritage sector, through improved management, enhanced understanding of cultural heritage or increased public engagement [6] . The vision of the UK National Heritage Science Strategy (2010) was that the understanding and preservation of material cultural heritage would be enhanced by collaborative science and technology research [7] . As such, heritage science can be viewed as an applied science, in which 'impact' is always an intention.
Although the benefits of collaborative heritage science research have been clearly articulated, bringing researchers and practitioners together to collaborate on research projects is not without challenges. Different partners may have very different ideas about important research questions, appropriate methods, who should benefit from research and what the benefits should be. Academic partners might be constrained by the need to publish, whereas practitioners may be inclined to only support research in which practical outcomes are guaranteed [8] .
Studies of the relationship between academic research and practice identify several stages of research utilisation [9, 10] : transmission of results to end users, understanding and referencing of results by end users, efforts to adopt results, influence of results on practice/policy and then application (e.g. in the form of new policy or products). Studies looking at how far research climbs the utilisation ladder show that simply customising research to users' needs does not necessarily increase utilisation. Research designed within the user's context has a stronger relationship with utilisation: users must see research as pertinent, timely and credible. Such an acceptance of academic research by users may evolve through strong institutional and social linkages that are allowed to develop over time and when users invest resources in research [11, 12] .
The benefits of collaboration can be broad and rich, contributing to many personal and organisational goals. In addition to application, users appreciate the opportunity for knowledge exchange [13] . A survey of arts and humanities researchers collaborating with non-HEIs showed that researchers found teaching and learning, the core business of HEIs, to be greatly enriched by collaboration, and also that collaboration produced new insights into research [14] . An evaluation of the UK Technology Strategy Board's collaborative research funding programme found that access to resources and expertise, improved skills and knowledge and improved attitudes to collaboration were more frequently identified as benefits of collaboration than direct applications and financial impact [15] .
However, collaborators may find that they have different working cultures and practices, and might work on different timescales. Collaboration may be rewarded or supported (e.g. through time for research) by some organisations but not others. Research from the National Academies [16] in the United States of America (USA) found that barriers to effective collaboration included a lack of understanding and trust arising from differences in internal processes, decision making and organisational interests.
Other research has looked at the impact of project design on the effectiveness of collaborative research. Team composition is important, requiring not only experience and expertise, but also an open attitude towards interdisciplinarity and collaboration [17] . The key role of the principal investigator in developing and leading collaborative networks has been highlighted in research [18] and the needs of early career researchers in other research [19] . There is also research looking at the impact of project size and budget [20] and level of interdisciplinarity [21] on project achievement.
Underpinning both the understanding of each other's needs and goals and the formal and informal processes of working together might be the strength of relationships and the nature of communications. Language and communication issues have been much discussed in the context of interdisciplinary research [17, 22, 23] . One issue identified in the literature is the time needed for collaborators to understand each other's approaches and develop shared languages or concepts. This can happen formally, such as through the development of shared conceptual models [24] , or informally through regular contact and sharing of knowledge and ideas.
Many of the challenges of collaborative research detailed above have been raised in discussions of 'rigour' and 'relevance'. In the fields of management science, design science and information systems there is a body of research and debate about whether applied research can be both rigorous and relevant. In essence, the 'rigour relevance gap' refers to challenges in knowledge production and knowledge transfer [25] . The collaborative process may be challenging [26] , research may not be perceived to be usable by practitioners [27] and academic researchers may feel that robust evidence is not taken up by practitioners [28] .
For some, the rigour-relevance gap is seen as unbridgeable, not only because of the competing goals of researchers and practitioners, but because of the separate logics and approaches to research problems of different institutions. This means that knowledge transfer cannot occur because the systems operating in different institutions cannot communicate with each other [26] . In contrast, others propose that deep partnerships and training in research methods can result in high quality scholarship that is also useful [29] . Some have suggested that rigour and relevance are not separate concepts but are both aspects of research quality [30, 31] . By seeking rigour, research may also become credible, consistent and transparent. By seeking to be relevant, or contributory, research may become original and generalisable.
Heritage science may share some of the challenges of collaborative research apparent in other fields, one of which may be a rigour relevance gap. However, this has not been yet been researched. Therefore, the study reported in this paper explores whether there is such a gap and, if so, what could help bridge the gap. The study focused on recent collaborative research in the UK, thus reducing possible biases due to international differences in funding and management. However, the study has relevance beyond the UK, and beyond the heritage science field.
A mixed methods [32] approach was employed to explore attitudes towards collaborative research. Project partners from a range of disciplines were first consulted on their experiences and attitudes. The results of this consultation were used in the design of a quantitative attitudes survey, which also included some qualitative questions. The qualitative and quantitative research methods complimented each other by allowing results to emerge from the heritage science community and related disciplines, while at the same time the prevalence and structure of attitudes in the community could be assessed in a statistically robust and reliable way.
Respondents were asked to think about one collaborative project they had worked on in the UK in the previous five years. They were then asked about their personal goals at the outset of the project and whether these were achieved, their level of satisfaction with project outcomes and impact, their level of agreement with a series of attitude statements about what helped and hindered their project, their background (specialism, experience, place of work and role) and their project (size and complexity).
Segmentation and profiling techniques were used to explore the relationships between these variables. Factor analysis has been used across a wide range of situations, from exploring the symptom structure of psychological disorders [33] , to exploring personality types [34, 35] , to investigating the value of heritage collection to users and visitors [36, 37] . The analysis is used to reduce and find structure in attitude data and can be used to create attitude measures. As a further technique, cluster analysis is often used in studying personality types [38] , conducting local area analysis of government statistics [39] and segmenting markets [40] . Clustering can be used to isolate groups of people with similar attitudes. Clusters are profiled on other variables, such as demographics, in order to explore how attitudes affect behaviour or vice versa. Factor Analysis and Cluster Analysis were applied in this study to create measures of the enablers and impediments of effective collaboration, and then explore the reasons for varying experiences of collaborative research. The results were complemented by thematic analysis of respondents' comments.
Analysis of the questionnaire was used to provide evidence in relation to three research questions. Evidence for a rigour relevance gap would include findings relating to knowledge transfer (translation of research into practice) and knowledge production (challenges in the collaborative process). Differences in the experiences and attitudes of academic researchers and users of research evidence in practice would also point to a rigour relevance gap. Finally, the analysis sought to identify enablers and impediments of effective collaboration.
Method

Definitions and inclusion criteria
The study was concerned with inter-institutional collaborative heritage science research between academic researchers ('researchers') and users of research evidence in practice ('users'). Academic researchers could be based at a HEI or an independent research organisation (IROs). Users could be based at a museum, library, archive or gallery (MLAG), a heritage organisation, in industry, in a small to medium enterprises (SMEs), in self-employment, or at an HEIbased MLAG. Users of research evidence included practitioners such as conservators, curators, librarians, archivists, collection managers, policy makers and those seeking to exploit research findings in business and product development. For the purposes of the questionnaire study, collaborative research referred only to collaborations that involved both academic researchers and users. Interdisciplinary projects involving only academic researchers from different disciplines and no users were not of interest to this study.
Examples of collaborative activities included, but were not restricted to, formal funded research projects with multiple partners, sharing of expertise and resources between institutions, collaborative development of products, policy and new ways of working, co-supervision of research students and case studies.
When completing the Mind the Gap questionnaire, respondents were asked to think about one project they had completed (or which was near to completion) and which they had worked on in the UK in the previous five years.
Questionnaire development
The development of the questionnaire followed an established process [41, 42] , in which qualitative and desk research are used to gather information about topics of interest and then converted into questionnaire format and piloted. Focus groups with partners took place in February 2013. Partners represented heritage science and a range of other disciplines such as linguistics, medicine, anthropology and history. The focus groups were used to collect information about experiences of collaboration and capture the language of collaborative research. The data were recorded and transcribed, and then organised into themes, cross-referenced with the literature and used in the design of the questionnaire. The questionnaire was piloted, for comprehension and ease of use, using guidelines from cognitive interviewing [43] on a small sample of heritage researchers and then edited before being launched.
A copy of the questionnaire can be found in Additional file 1.
Questionnaire content
Results from the preliminary research were used in two key sections of the questionnaire.
Goals
Respondents were asked to choose five goals, from a list of 24 goals, that they had at the outset of their project (regardless of whether these were also project goals), cf. Additional file 1, Section 2. The list included goals relating to improving practice, applications, academic knowledge, research evidence, access to and understanding of collections, professional development, networks, resources, collection management and research outputs. The aim of this section was to identify which goals were most frequently held and whether goals differed between groups of respondents. Respondents were also asked to rate whether each of their five goals was 'achieved' , 'partially achieved' or 'not achieved'.
Enablers and Impediments
Fifty attitude statements about what helps and hinders collaborative research were constructed in accordance with question design guidance [41, 42] , cf. Additional file 1, Section 3. Respondents were asked to rate their agreement with each statement on a seven point scale from 1-strongly disagree to 7-strongly agree. This section provided the data for a factor analysis, with the aim of producing a set of reliable measures of the enablers and impediments of collaborative research.
The following data were also collected.
Satisfaction ratings
Questionnaire respondents were asked how satisfied they were with the outcomes (the results of the project and project aims) and impact (communicating research to users and translating results into practice) of their project, cf. Additional file 1, Section 2. Satisfaction was rated on a seven point scale from 1 (not at all satisfied) to 7 (completely satisfied).
Researcher/User
Respondents were gave a rating between 1 and 7 to indicate if they felt their role in the project was closer to an academic researcher (1) or an end user of research evidence in practice (7), cf. Additional file 1, Section 1. They were then classified as a Researcher (scored 1 or 2), Researcher-User (scored [3] [4] [5] or User (scored 6 or 7). Although many researchers are also users (e.g. academic researchers use research in teaching) and vice versa (e.g. curators research the significance of collections) respondents were asked to self-define their role.
Project and personal characteristics
Respondents were asked about their background (discipline, job title and experience) and their role in the project (seniority, subject specialism, place of work), cf. Additional file 1, Section 1. They were also asked about their project (number of people, partners and subjects). Figure 1 were used in the analysis of the questionnaire. In some cases the classifications presented in Figure 1 were simplified or edited for analysis purposes (e.g. excluding small categories and 'no answers').
Open-box questions
Overview of analysis methods
A number of techniques from quantitative and qualitative attitudes research were used to analyse the questionnaire. All the data management and analysis was conducted in Statistical Package for the Social Sciences (SPSS, version 19) . A copy of the dataset is available from the Centre for Sustainable Heritage.
Exploratory factor analysis
In the context of attitude questionnaires, factor analysis is a technique that reduces a large number of interrelated variables to a smaller number of latent dimensions. The goal is to achieve parsimony by using the smallest number of explanatory concepts to explain the maximum amount of common variance in a correlation matrix [44] .
In this study, factor analysis was used to reduce fifty attitude statements about what helps and hinders collaborative research down to a small set of factors representing enablers of and impediments to collaborative research. Each factor was used as a dimensional measure of each enabler/impediment. Further analysis explored the relationship between the measures and other variables, such as satisfaction and achievement ratings, project characteristics and personal characteristics. For full details of the method and analysis see Additional file 2.
Cluster analysis
Cluster analysis refers to a range of algorithms that can be used to find groups of cases within a dataset, such as questionnaire respondents, that are more similar to each other than they are to cases within other groups [40] . In this study, the intention was to find clusters of respondents who differed in terms of their attitudes to collaborative research (using their factor scores) and then explore whether these clusters also varied according to their goals, satisfaction and achievement ratings, personal characteristics and project characteristics. The aim was to explore reasons for varying levels of project success and effectiveness in collaboration.
Inferential statistics
Inferential statistical tests are used to test hypotheses about data [45] . One-way Analysis of Variance tests (ANOVA) and t-tests were used to compare groups of respondents in terms of mean satisfaction ratings, achievement ratings and factor scores. Chi-squared was used to test whether groups of respondents differed in terms of their goals, and also to generate cluster profile descriptions. Pearson correlations were used to assess the strength of linear associations between different types of ratings (e.g. satisfaction ratings and factor scores).
The critical significance level was set at p ≤ .05, onetailed (equivalent to p ≤ .10, two-tailed, shown in tables of results in Additional file 2). One-tailed significance is reported as, based on extensive literature, there was an expectation that specific differences between subgroups of participants would emerge. A Bonferroni correction was used for post hoc comparisons (p ≤ .05, two-tailed). Descriptive statistics and the results of tests can be found in Additional file 2.
Thematic analysis
Detailed coding of the text was used to identify overarching themes within respondent's open-box comments. Initial coding was conducted independently by two researchers, who arrived at very similar thematic structures. A revised coding scheme was then applied to the data. Occurrence of themes and codes was then quantified using frequency analysis. The aim was both to identify the main themes in comments relevant to research questions and also to provide a full description of the content of comments. The full coding schemes are presented in Additional file 3 along with a selection of quotes.
Note on box-plots
Where appropriate, attitude ratings are illustrated as box-plots of quartiles in order to illustrate range and distribution. The whiskers of each box plot extend to the maximum and minimum scores that were observed. The coloured box represents ratings falling between the 25th and 75th percentiles (i.e. approximately 50% of respondents). The horizontal line through the coloured box indicates the median score (50% of people score above this line and 50% below). The diamond marker indicates the mean score. Ratings and factor scores tended to be skewed towards positive attitudes, hence the median and 75th percentile are sometimes in the same position on box-plot charts.
Results and discussion
Is there a rigour-relevance gap in heritage science?
Although most respondents reported a positive experience of collaborative research and aspired to both rigour and relevance in their projects, there were four key pieces of evidence to suggest that there is a rigourrelevance gap in heritage science research.
Project satisfaction
Questionnaire respondents were asked how satisfied they were with the outcomes and impact of their project (see Figure 2 ). Most respondents were satisfied with outcomes (64% of respondents gave a rating of 6 or more and 86% gave a rating of 5 or more). Many were also satisfied with impact (49% gave a rating of 5 or more). However, ratings were statistically significantly higher for project outcomes in comparison with impact. Respondents were satisfied that the aims of their project were achieved, but were less satisfied that the impact of the project would be realised.
Personal goals
Respondents were asked to choose five goals, from a list of 24, that they were personally most interested in at the outset of their project. Frequency analysis was used to identify the number/percentage of respondents who chose each goal (Figure 3) . Exchange of ideas and expertise Figure 2 Box-plots of outcome and impact satisfaction ratings. Chart shows box plots of quartiles, the medians and the means. Note that for the Outcome satisfaction ratings, 64% of respondents gave a rating of 6 or more and 84% gave a rating of 5 or more (hence the median and 75th percentile markers are in the same position). Outcome (mean = 5.50, SD = 1.27) and Impact (mean = 5.15, SD = 1.15) ratings were significantly different to each other (t (208) = 5.18, p < .001).
between different fields, relevance to practice (conservation and understanding of cultural heritage), new knowledge and a high quality evidence base were most frequently chosen. This suggests that the heritage science field seeks both rigour and relevance in research and that both practice-focussed and academic goals are widely held. However, two of the goals that were least frequently chosen relate to management ('Standards and Guidelines' , 'Policy and Strategy'). Therefore, some types of practicefocussed goals (e.g. conservation of and understanding of cultural heritage) were more frequently held than others (management).
The findings were corroborated by open-box comments in response to the question 'what else interested you about this project?'. Of the 102 comments, the most frequent set of responses were about the collaborative process (34%), particularly interdisciplinarity and working with diverse people and institutions. This was closely followed by comments about research and practice (33%), particularly evidence based practice (including challenging, critiquing and evaluating current practice), providing a better evidence base, improving practice through new applications and processes, problem solving and ensuring relevance and a deeper understanding of practice. Aspects of both rigour and relevance occurred frequently in comments and rigour appeared to be closely linked to relevance. In addition, in line with the literature, although there were a number of comments about direct applications, the wider benefits of collaboration were more frequently mentioned. The full coding scheme is presented in Additional file 3.
Achievement of goals
For each of the five goals they chose, respondents were asked to rate whether they felt the goal had been achieved, partially achieved or not achieved. The most frequently chosen goals received some of the highest achievement ratings (Figure 4 ). This was with the exception of one of the key goals of heritage science research: 'Better Care and Conservation of Cultural Heritage'. Management goals (such as 'Improved Collection Management' and 'Standards and Guidelines') also received low achievement ratings. Participants in collaborative heritage science research sought both rigour and relevance in their research, but more frequently felt that they achieved learning or academic goals than translation of research into practice.
Attitudes towards collaborative research
The ratings for 50 attitude statements about collaborative research were entered into a factor analysis. An eight factor solution was assessed as the most reliable and yielded the most consistent factor structure. Full details of the factor analysis can be found in Additional file 2.
The eight factors represented distinct aspects of respondent's experience of and approach to collaborative research. Each factor was given a name representing an underlying theme linking the statements in the factor. Table 1 gives the factor names and an overview of the factor structure. Most of the themes identified during the initial focus group research and literature review are represented in the factor structure, with two notable exceptions: 'Language and Communication' and 'Resources' did not emerge in the factor analysis but are discussed later in this paper.
The eight factors were used as measures of the enablers/ impediments of collaborative research. Figure 5 shows the distribution of factor scores in the questionnaire sample. On average, respondents had high scores (above the neutral 4 score) for all factors. There was widespread agreement that respondents experienced 'Ease of Collaboration' , had a 'Collaborative Working Style' , were 'Interested in Bridging Disciplines' , that their project had 'Institutional Recognition' and that their preference was for 'Practice-Fo- 
Interest in bridging disciplines
This factor represents a theme that emerged consistently during the analysis, but is less reliable than other factors. The factor relates to an interest in the process of collaboration, interdisciplinarity and communications as opposed to the products of collaboration.
Interested, language, bridge, between, partners, different disciplines and practices.
Q55: I was interested in the different language styles of project partners (e.g. from different disciplines and practices)
Q24: I was interested in finding ways to bridge between different project partners (e.g. across disciplines and practices)
Institutional recognition
Statements in the factor relate to institutional recognition and reward of a project, related to an institution perceiving a project as relevant to them. Notes: *Factor scores were calculated by taking the mean rating across the attitude statements in each factor. Ratings labelled with '-' were reversed when calculating factor scores. **Factor scores were reversed for the purposes of reporting results so that positive scores indicated enablement and negative scores indicated impediments. there were a range of scores for each factor, indicating a range of agreement and disagreement that will be explored in further analysis. For example, around 25% of respondents had low scores (below the neutral 4 score) for 'Institutional Recognition' and 'Internal Procedures and Working Practices' respectively.
Do researchers and users differ in their experiences of collaborative research?
The analysis further explored the rigour-relevance gap in heritage science research by comparing the experiences of academic researchers and users of research evidence in practice.
Researchers and users: personal goals
'Researchers' , 'Researcher-Users' and 'Users' were compared in terms of their personal goals. Some of the most frequently chosen goals were shared by Researchers and Users (see Figure 6) 
Researchers and users: satisfaction ratings
Users and Researcher-Users combined gave significantly lower ratings of outcome satisfaction than Researchers ( Figure 7 ). The same trend was observed for impact satisfaction ratings. The results suggest that some Users, particularly those with hybrid roles, were less satisfied with the results of projects than purely academic researchers. This may be because they had higher expectations that research would improve practice. For full details, see Additional file 2.
Researchers and users: achievement ratings
A composite achievement rating was created for each respondent by taking their mean achievement rating across the five goals they had chosen. Users and Researcher-Users combined had significantly lower achievement ratings than Researchers -see Figure 8 and Additional file 2.
Researchers and users: attitudes
Users and Researcher-Users combined felt they had more institutional recognition, but also more concerns about research quality, than Researchers ( Figure 9 ). For full details see Additional file 2. Comments suggested that institutional support and recognition of collaborative research may depend on how well research speaks to an institution's goals and priorities, and that research may be not supported otherwise (e.g. through time given for research). Comments also pointed to differences in working practices and cultures. Users sometimes felt that academic research takes too much time. Researchers sometimes felt that expectations about practice-led goals need to be realistic and that users sometimes lack research experience. Figure 6 Goals of researchers, researcher-users and users. Some of the most frequently held goals in the sample were shared by Researchers, Researcher-Users and Users. The chart also shows goals that differed significantly between the three groups of respondents (see Additional file 2 for results of chi-square tests).
Enablers and impediments of effective collaboration
Profiling respondents using cluster analysis helped to illustrate what aspects of collaborative research and what characteristics of participants and projects were most strongly associated with project satisfaction, self-rated achievement and the collaborative process.
Cluster analysis results
Questionnaire respondents were clustered into groups using their eight factor scores. The analysis yielded three reliable clusters (Figure 10 ). See Additional file 2 for a technical description of the analysis.
The analysis usefully separated respondents who had a very positive experience of collaborative research (Cluster 2, 52%), from respondents who found collaboration more challenging and experienced more impediments (Cluster 1, 28%) and respondents whose were less interested in interdisciplinarity and less practice-focussed than the other clusters (Cluster 3, 20%). In addition to varying according to factor scores, the three groups varied according to their outcome satisfaction ratings (Figure 10 ). The same pattern was also observed for impact satisfaction and achievement ratings (see Additional file 2).
Profiles for each cluster were generated using information about the background of respondents and characteristics of their project. Significance testing was used to identify the key differences between clusters, the results of which are summarised in Table 2 (see Additional file  2 for full data and analysis).
Enablers and impediments of project satisfaction and achievement
Findings presented earlier in this paper demonstrated that Users of research evidence in practice tended to have lower project satisfaction and achievement ratings than academic Researchers, probably because Users were more frequently focussed on improving practice. The cluster analysis helped to identify other attitudes and characteristics of projects that were related to self-rated project success.
Compared to other clusters, the least satisfied group (Cluster 1) scored lower on 'Ease of Collaboration' , and more frequently reported concerns about 'Research Quality, difficulties 'Understanding Partners' Research Approaches' and impediments due to 'Internal Procedures and Working Practices'. On average, they worked on the largest projects and were more likely to include management and strategic goals (particularly 'Standards and Guidelines') amongst their top five goals. Nonsignificant trends indicated that this cluster were slightly more likely to be managers and Researcher-Users.
Conversely, when satisfaction ratings were highest (Cluster 2) there were also very high ratings for the 'Ease of Collaboration' factor. This factor measures aspects of the dynamic of collaboration such as trust, openness, relationships, shared goals and communication. When the dynamic was strong there were fewer impediments due to 'Internal Procedures and Working Practices' , fewer concerns about 'Research Quality' and a greater 'Understanding of Partners' Research Approaches'. Respondents with this profile tended to be working on smaller than average projects, and were least likely to include management goals amongst their top five project goals.
This pattern of results was corroborated by the finding that there were correlations between some factor scores and the satisfaction and achievement ratings: 'Ease of Collaboration' and 'Research Quality' were strongly positively correlated with satisfaction and achievement ratings (see Additional file 2).
Profiling of the clusters suggested that the dynamic of collaboration was key to project satisfaction and self-rated achievement, and intertwined with perceptions of research quality and the formal processes of collaboration. Thematic analysis of comments supported this finding. When respondents were asked 'what else do you think helped your project?' their comments most frequently related to 'people' (78% of 128 comments): shared interests, a collaborative nature, enthusiasm, the mix of the team in terms of experience and expertise, good communication and opportunities for meeting and knowledge exchange were all important. Similarly, when people were asked 'what else do you think hindered your research?' , 'people' was also a frequent category of comment (41% of comments): the clash of working cultures, lack of opportunities to meet, a lack of experience or expertise within the team, a lack of interest and communication challenges were noted. The full coding scheme is presented in Additional file 3. 
Project size
The cluster profiles also suggested that the size and complexity of projects was important in shaping the success of collaborative projects. Based on the analysis described below, it can be proposed that there is an indirect relationship between project design and the perceived success of projects. Satisfaction and achievement ratings were associated with the dynamic of collaboration (as measured through factor scores) which was in turn associated with project size and complexity.
Project size was measured in three ways: number of other people, number of other partner organisations and number of other subjects represented in a project. Respondents were split into quartile groups for each of these measures and then factor sores were compared between projects of different size. Results for four factors where significant findings were found, and where there were similar trends across the four factors, are illustrated in Figure 11 (full details are in Additional file 2).
As the number of people in a project increased, so did concerns about 'Research Quality' , whereas 'Understanding of Partners' research Approaches' decreased. This suggests that rigour-relevance issues were more prevalent in larger projects and that this may have been related to communication and mutual understanding.
As the number of partner organisations increased, so did reports of impediments due to 'Internal Procedures and Working Practices'. This may have been due to increased bureaucracy and also increased need to manage cross institutional relationships -as evidenced by reduced 'Ease of Collaboration' and 'Understanding Partners' Research Approaches' scores.
Interdisciplinarity
There were significant non-linear relationships between the number of subjects in a project and three factor scores. As the number of subjects increased, so did concerns about 'Research Quality' and difficulties 'Understanding Partners Research Approaches' , whereas 'Ease of Collaboration' reduced. This trend was observed up to 4 or 5 other subjects, after which the trend levelled off or reversed (6 or more other subjects). This suggests that increased interdisciplinarity was associated with increased communication and rigour-relevance challenges, but only up to a certain point, after which it did not create more impediments. The most interdisciplinary projects did not necessarily involve the most people or partners. They may have been constructed from several smaller teams.
The finding that some of the most interdisciplinary projects were protected from some of the impediments associated with larger projects is supported by analysis of comments in response to the question 'What else interested you about this project?'. There was high interest in bringing diverse groups of people together with mixed backgrounds and skills in order to progress practicefocussed research.
Significant findings were also observed for a fifth factor, 'Practice-Focussed Research'. As this factor was less reliable than others and overlapped with the questionnaire Table 2 Summary of the cluster profiles section on 'Goals' , the results are presented in Additional file 2 only.
Interest in collaborating
Self-ratings of project satisfaction and achievement of goals are one way of measuring the success of projects. However, the benefits of collaboration are not always linked to achievement of goals such as translating research into practice. The questionnaire also allowed a more in depth look at the collaborative process itself and what may enable or impede this.
For example, the cluster analysis identified a group of respondents (Cluster 3, 21%) who were satisfied with their project but who, in comparison to other clusters, reported a lesser preference for a collaborative working style, a lower interest in bridging disciplines, less understanding of partner's research approaches and less institutional recognition. This cluster were the most likely of the three clusters to be academic researchers (particularly STEM researchers), focussed on academic goals and resources and less practice-focussed. They were also the least experienced cluster. This potentially suggests a * * * * * * * * Figure 11 Relationships between three measures of project size and four factor scores. Significant findings are marked with an asterisk (based on the results of one-way ANOVAs, see Additional file 2). Top: Number of other people involved; middle: number of other partner organisations; bottom: number of other subjects represented in the project.
skills or experience gap for a sizable minority of participants in collaborative heritage science research. Further analysis helped to identify areas where the collaborative process can be better supported.
Project roles
Different roles within a project may have distinct aims and aspirations. Three types of role were compared in terms of their personal goals, their factor scores and satisfaction and achievement ratings (see Additional file 2): Project Managers/Supervisors (principal investigators, task leaders, project managers, PhD/KTP supervisors and post-doctoral fellows with management responsibilities), Partners (partners, co-investigators and steering committee/advisory group members) and Junior/Student Researchers (post-doctoral researchers without management responsibilities, research associates/assistants and PhD/ KTP students). The goals of senior and junior roles reflected their stage of career: Junior/Student researchers were more likely to include personal and career development goals amongst their top five goals than senior roles, who were more focussed on project goals such as ' Access to Resources' (Figure 12 ).
Attitudes to collaboration reflected the types of research activities each role was engaged in. Project Managers/Supervisors reported more impediments due to working practices, but a greater preference for a collaborative working style than Junior/Student researchers ( Figure 13 ). Junior/Student researchers also reported a preference for a collaborative working style, however their ratings were significantly lower than for senior roles.
Comments suggested that the opportunity to work in non-HEIs and form contacts with practitioners is highly valued by Junior/Student researchers: a number of PhD/ KTP students made positive comments about their experience of working across institutions. Other comments suggested that the energy, enthusiasm and commitment of project participants, including student and junior researchers, may be a key enabler of collaborative research. However, a small number of comments addressed the challenges of collaborative studentships and whether students can meet project goals and make the most out of the learning experience.
Experience and expertise
The differences between senior and junior researchers suggests a skills gap, which may be related to stage of career, the types of activities each is engaged in and level of experience.
Respondents were asked about their level of experience in terms of number of years working on collaborative research projects and number of collaborative research projects worked on. As the experience of respondents increased in terms of number of years, so did their preference for a 'Collaborative Working Style' and their 'Interest in Bridging Disciplines'. A similar pattern of findings was observed for number of projects: the more projects a respondent had worked on the greater their preference for a 'Collaborative Working Style' , the higher their ratings of 'Research Quality' and the fewer challenges they found in Figure 12 Significant differences between project roles in terms of goals. Tested using chi-square (see Additional file 2). 'Understanding Partners' Research Approaches'. Whereas length of experience (number of years) was related to interest and motivation, breadth of experience (number of projects) appeared to be related to collaborative skills and quality. Significant findings are illustrated in Figure 14 . Full results are provided in Additional file 2.
The analysis also pointed to a non-linear relationship between experience and collaborative skills. As the experience of respondents increased so did their interest in collaboration and their collaborative skills, but this was with the exception of some of the most experienced respondents (>20 years experience; >10 projects).
Language and communication
Language and communication appear in the literature as significant impediments to collaboration but did not emerge as separate issues in the factor analysis of the questionnaire. Instead, language and communication issues emerged across many areas of the results. For example, statements relating to language and communication were distributed across the factor solution, demonstrating that language and communication underpin many aspects of effective collaborative research -see Table 2 .
Resources 'Resources' did not emerge as a theme in the factor analysis. Statements about resources did not load onto any factor or were distributed across the factor structure, suggesting that resource issues may be associated with a number of aspects of the experience of collaboration. However, comparisons of clusters showed that ' Access to Resources' was a goal that distinguished between Clusters 2 and 3, being needed least frequently by Cluster 2 who most frequently reported positive experiences of collaboration. Responses to the open box question 'what else do you think hindered your project?' revealed a link between resources and other aspects of effective collaboration: 59% of comments related to 'resources' , particularly 'time' needed to develop projects and relationships.
Barriers to participation in collaborative heritage science research
The impediments and enablers to effective collaboration reported in this paper may be valid for respondents to the questionnaire, who were made up of recent participants in collaborative heritage science research. However, the paper does not address barriers to participation in collaborative research, as those who had chosen not to, were not aware of, or were unable to participate in recent projects were not surveyed.
As an example, there were only nine respondents from industry/SMEs. Sixty-nine respondents said they had an industry/SME partner in their project, but HEIs were much more likely to have collaborated with MLAGs and Heritage Organisations (90%) than with industry/SMEs (30%). Comments from industry/SME respondents and research partners pointed to barriers to engagement in collaborative research despite an interest from both groups in collaboration. Academic research might not be viewed as relevant to industry/SME goals and expectations, there may be little institutional support in industry/SMEs for dedicating time to collaborative research, there may be few opportunities to make connections between researchers and industry/SMEs and there are differences in working cultures between different types of institution. However, there was also mutual appreciation of access to expertise, knowledge exchange and potential research partners. The development of applications/technologies is an area where HEIs were interested in more collaboration with industry/SMEs. However, expectations about moving from basic research to application may need to be managed. A key barrier to collaboration mentioned by one MLAG respondent was that there are limited funding routes for non-HEIs wishing to work with HEIs.
Conclusions
Most questionnaire respondents reported a positive experience of collaborative research and aspired to both rigour and relevance in their projects: nevertheless, there were four key pieces of evidence that a rigour-relevance gap exists in heritage science research. Although most respondents were satisfied that the aims of their project were achieved (84% satisfied), they were less satisfied that the impact of the project would be realised (49% satisfied). Practice-focussed project goals, such as better care and conservation of cultural heritage and collection management, were associated with lower self-rated achievement than academic goals. In addition, some types of practice-focussed goals were not widely held (management goals). Finally, a sizeable minority of respondents reported that they had encountered challenges in collaboration or were shown to be less interested or skilled in collaboration than other respondents.
Further evidence for a rigour relevance gap came from a comparison of academic researchers and users of research evidence in practice. Users had higher expectations than academic researchers that research would improve practice, but gave lower achievement ratings for their goals than academic researchers, were less satisfied with the outcomes of collaborative research and gave lower ratings of research quality.
Although the questionnaire results point to a rigourrelevance gap in heritage science, the results also challenge definitions of rigour-relevance and the validity of boundaries between researchers and users. For example, the factor analysis showed that rigour and relevance are not opposing aims in heritage science research. Factors such as 'Research Quality' and 'Understanding Partners' Research Approaches' contained statements about both the rigour (quality, depth, complexity) of research and its relevance (needs-led, user acceptance, credibility). Similarly, goal choice and open box comments suggested that respondents sought both rigour and relevance in their research, and that rigour is often seen as a route to relevance and vice versa (see open box comments about 'research and practice' , Additional file 3).
One explanation for these observations is that many respondents had dual roles as users and researchers and worked across institutions. Both rigour and relevance were aspects of research quality for these hybrid researchers.
Although boundaries are blurred, there remains evidence for a gap between researchers and users in terms of their expectations and achievements in collaborative heritage science research. Further contributions the questionnaire results can make is to question what constitutes achievement in collaborative research and to highlight areas where the expectations and cultures of different institutions and individuals could become barriers to effective collaboration. In particular, a wider view of the benefits of collaboration, beyond translating research into practice, may be useful.
The findings are in line with research in other sectors which points to almost intractable differences between research and user communities stemming from differing expectations about research and differing institutional cultures. However, the questionnaire also provided information about ways to bridge the rigour relevance gap and increase the quality and effectiveness of collaboration. The results suggest a number of areas which could be addressed.
Goals and expectations
Designing research to accommodate different types of goals or creating an understanding of different goals may be a key stage in effective collaboration (e.g. understanding the role and expectations of HEIs and non-HEIs in research).
Translating research into practice
The wider benefits of collaborative research, such as knowledge exchange, community building, training, developing long term relationships and building the evidence base, needs to be recognised.
Team composition
Experience and expertise is useful in terms of bringing formal and informal collaborative skills to a team. Attitudes to and interest in collaboration may also be important.
Practitioner-Researchers
There are many researchers in heritage science who identify as both researchers and users and who work across both HEIs and non-HEIs. In other fields (e.g. nursing, social work, policing) such individuals are known as 'practitioner-researchers' [46, 47] and play a role in bridging the rigour-relevance gap, having both research skills and knowledge of non-HEIs' needs and priorities.
Early career researchers
Development of collaborative skills and involvement of non-HEIs in supervision and career development should be promoted. The Knowledge Transfer Partnership scheme has been acknowledged as a successful way of partnering HEIs and non-HEIs, and developing the skills of early career researchers by embedding them in practice environments [48] [49] [50] .
The dynamic of collaboration
The dynamic of collaboration was key to satisfaction and self-rated achievement. Methods of facilitating projects to promote shared goals, mutual understanding, good communications and shared language may be useful.
Research design
Iterative, reflective and participatory approaches [51] [52] [53] , could help bridge the gap between research and practice in heritage science.
Time
Respondents commented that time is needed to build relationships and develop research. Longer projects, or longer research programmes, could promote good team dynamics and allow time to link research to practice.
Interdisciplinarity
There was a strong drive for interdisciplinarity amongst respondents, in order to progress practice-focussed research. Larger, more complex projects require good project management and leadership.
Questionnaire findings have highlighted a number of areas for action in terms of the future of collaborative heritage science research. A more in depth look at each of these areas in order to identify best practice as applied to the heritage science field may be needed. The findings from this research were reported to project partners in September 2013 in order to support the development of recommendations for the future of collaborative heritage science research [54] .
